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© Pulse motor. 



© In a pulse motor comprising a rotor, a drive coil 

^excited by a predetermined drive current to drive the 

js,,, rotor, and a yoke for guiding a magnetic flux gen- 

CO 0r at©d by the drive coil to a predetermined magnetic 

00 path: the yoke is provided with a through-hole to 

^restrict the flow path of an eddy current induced by 

^fthe magnetic flux generated by the drive coil. 
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PULSE MOTOR 



BACKGROUND OF THE INVENTION 

The present invention relates to a pulse motor 
frequently used in printers and the like. 

In printers, for example, a pulse motor 
(stepping motor) having a good controllability is 
often employed for scanning a print head, or driv- 
ing a platen roll. 

Fig 2 shows an exploded oblique view of a 
pnor-art pulse motor using a permanent magnet for 
the rotor 

The rotor 1 of this pulse motor comprises a 
permanent magnet divided and magnetized along 
its circumference. A rotor shaft 2 is fixed to the 
center of the rotor 1 by means of a collar, not 
shown. Provided to surround the rotor 1 are a pair 
of drive coils 3 and 4, and inner yokes 5 and 6 are 
disposed between the drive coils 3 and 4. Provided 
to surround the drive coils 3 and 4 are outer yokes 
7 and 8. A flange 9 and a mounting plate 11 are 
provided at the top and at the bottom. The flange 9 
is provided with a bearing 10 for accepting and 
supporting the rotor shaft 2. The mounting plate 1 1 
is provided with a similar bearing, although not 
illustrated as such. 

The two inner yokes 5 and 6 comprise annular 
magnetic plates 5a and 6a. respectively, and are 
provided, at their inner peripheries, n/4 (n being the 
number of steps per rotation of the rotor) magnetic 
poles 5b and 6b, resoectively. formed by bending 
so that they are parallel with the rotor shaft 2. In 
the drawings, the magnetic poles 5b of the inner 
yoke 5 are shown to be bent upward. The magnetic 
pofes 6b of the inner yoke 6 are bent downward. 
The magnetic poles 5b of the inner yoke 5 and the 
magnetic poles 6b of the inner yoke 6 arranged so 
that their phases are 90° offset relative to each 
other. 

Magnetic poles of the same shape are pro- 
vided in the same number on the lower surface of 
the outer yoke 7 and the upper surface of the outer 
yoke 8. Magnetic poles, not shown, on the outer 
yoke 7 are provided to confront the magnetic poles 
5b on the inner yoke 5 so that their phases are 
180° offset relative to each other. Similarly, the 
magnetic poles 23 on the outer yoke 8 are pro- 
vided to confront the magnetic poles 6b on the 
inner yoke 6 so that their phases are 180° offset 
relative to each other. The drive coils 3 and 4 are 
of such a configuration that the coil 14 or 16 are 
wound on the bobbins 13 and 15. 

The outer yoke 7, the flange 9. and the outer 
yoke 8 and the mounting plate 1 1 are secured by 
spot wetding or the like. The inner yokes 5 and 6 
and the outer yokes 7 and 8 are stacked so as to 
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surround the rotor 1 , and the outer yokes 7 and 8 
are fitted over the bobbins 13 and 15. The assem- 
bly is thus completed. 

In the pulse motor of the above construction, 
s when predetermined alternating currents with their 
phases offset relative to each other are supplied to 
the drive coils 3 and 4 t the rotor 1 rotates at the 
corresponding period. The magnetic flux generated 
by the drive coif 3 passes through the magnetic 
io poles 5b of the inner yoke 5, passes from the 
central portion of the inner yoke 5 to the outer 
portion, and passes through the outer periphery of 
the outer yoke 7, and then through the top surface 
toward the bearing 10, and then through the imag- 
es netic poles, not shown, on the lower surface of the 
outer yoke 7, and then across the air gap, and then 
enters the rotor 1 . The magnetic flux then passes 
across the air gap and returns to the magnetic 
poles of the inner yoke 5. A similar magnetic path 
20 is formed for the drive coil 4, with the inner yoke 6 
and the outer yoke 8 being included in the path. 

The rotor 1 is driven in such a direction that 
the magnetic paths are shortened. By supplying 
the drive coils 3 and 4, with alternating currents 
25 with their phases 90° relative to each other, a 
continuous drive force of 4 steps per period of the 
alternating currents are derived and the rotor 1 is 
thereby rotated. 

In recent years, size reduction, cost reduction 
30 and improvement in performance are required in 
connection with the printers and the like, and atten- 
dantiy the pulse motors used in these equipment 
are required to be of a smaller size, and a lower 
cost, and to have a higher torque, and a higher 
35 rotational speed. 

An attempt to increase the torque without in- 
creasing the outer dimension of the motor itself is 
to use rare earth magnets in place of the conven- 
tional ferrite magnets for the rotor 1. But then the 
40 low-price feature of the permanent magnet type 
pulse motor using permanent magnets for the rotor 
will be lost. 

Another attempt to increase the torque is to 
increase the current flowing through the drive coils 

45 up to the rating. But then the problem of heat 
generation in the pulse motor itself or the drive 
current occurs. A countermeasure is to provide a 
heat sink, cooling fans or the like for the pulse 
motor or the drive circuit to increase the cooling 

so efficiency. This then raises the cost, and the size of 
the motor and the peripheral circuits. A further 
attempt was to optimize the parameters, such as 
coil constants and the drive currents, to maximize 
the output with the limited outer dimension. But this 
also has a limitation. 

2 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a pulse motor in which the heat generation of the 
yoke is prevented and the drive efficiency is in- 
creased. 

A pulse motor according to the invention com- 
prises: a rotor; a drive coil excited by a predeter- 
mined drive current to drive the rotor; and a yoke 
for guiding a magnetic flux generated by the drive 
coil to a predetermined magnetic path; wherein the 
yoke is provided with a through-hole to restrict the 
flow path of an eddy current induced by the mag- 
netic flux generated by said drive coil. 

in the above pulse motor, the provision of the 
through-hole in the yoke obstructs to the flow of 
the eddy current induced by the magnetic flux 
generated by the drive coil. For instance, a slit 
intercepting the flow path of the eddy current will 
reduce the heat generation substantially. If several 
through-holes are provided in the yoke, being ar- 
ranged in such a manner as to increase the effec- 
tive electrical resistance of the flow path for the 
eddy current, the eddy current can be reduced. 
The eddy current is reduced in this way, and the 
heat generation in the yoke is reduced, and the 
efficiency of the motor can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an exploded oblique view showing 
an embodiment of the pulse motor according to the 
invention. 

Fig. 2 is an exploded oblique view shown a 
prior-art puise motor. 

Ftg. 3 is a top view showing an embodiment 
of an inner yoke used in the motor of the invention. 

Fig. 4 is a diagram showing the functions of 
the eddy current generated in the yoke. 

Fig. 5 is a graph showing a torque char- 
acteristics of the puise motor according to the 
invention. 

Rg. 6 is a top view showing a variation of 
the inner yoke of the motor according to the inven- 
tion. 

Fig. 7 is an exploded oblique view showing 
the variation of the puise motor according to the 
invention. 

Fig. 8 is a top view showing another variation 
of the inner yoke of the motor according to the 
invention. 



DETAILED DESCRIPTION OF THE EMBODI- 
MENTS 

An embodiment of the invention will now oe 
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described with reference to the drawings. 

Fig. 1 is an exploded oblique view of an em- 
bodiment of a pulse motor according to the inven- 
tion. 

5 This motor comprises a rotor 1 , yokes 5 and 6 

surrounding the rotor 1 , drive coils 3 and 4, outer 
yokes 7 and 8, a flange 9 and a mounting plate 1 1 . 
The construction of the rotor 1 , and the drive coils 
3 and 4 is the same as that of the prior-art puise 
zo motor described with reference to Fig. 2. 

In the pulse motor according to the invention, . 
the inner yokes 5 and 6, and the outer yokes 7 and 
8 are each provided with a slit 20 extending radi- 
ally. The flange 9 and the mounting plate 11 are 
is similarly provided with a slit 20. Except that these 
slits 20 are provided, the construction of the inner 
yokes 5 and 6, and the outer yokes 7 and 8 is 
identical to that of the prior-art pulse motor de- 
scribed with reference to Rg. 2. So the identical 
20 parts are denoted by identical reference marks and 
their description will be omitted. Specific descrip- 
tion of the slits 20 will now be given. 

Rg. 3 is a top view of an embodiment of the 
inner yoke 5 used in the motor shown in Fig. 1 . 
25 The inner yoke 5 comprises an annular mag- 

netic plate 5a, as was explained earlier, and is 
provided with a through-hole 17 in the center which 
permits insertion of the rotor 1 . The magnetic poles 
5b are arranged around the through-hoie 17, at as 
30 regular pitch with a predetermined spacing be- 
tween them. A slit 20 is provided to extend from 
the through-hole 17 radially up to the outer periph- 
ery. The inner yoke 6 shown in Fig. 1 has a similar 
construction. The slits are formed at an appropriate 
35 interval portion between magnetic poles 5b and 6b 
adjacent to each other, avoiding the magnetic poles 
necessary for the formation of the magnetic path 
for the motor drive. Each of the outer yokes 7 and 
8 has a similar slit. 
40 The reason why a slit-shaped through-hole is 

provided in each yoke is as follows: 

Fig. 4 is a diagram for explaining the functions 
of the eddy current generally generated in the yoke 
5. 

45 For instance, the drive coil 3 is provided co- 

axially with and above the yoke 5. The drive coil 3 
is supplied with an exciting current in the direction 
of the arrow 31. The exciting current 31 is an 
alternating current. The magnetic flux which pene- 

so trates the yoke 5 alternates at the same period as 
the period of the alternating current. As a result, an 
eddy current is generated in the yoke 5 in the 
direction of the arrow 32. The yoke 5 is formed of a 
magnetic material, and has a certain electrical con- 

55 ductivity, so it provides a short-circuiting path for 
the eddy current 32. As a result, a relatively large 
current flows and the yoke 5 is heated. Although 
eddy currents along minor loops are also formed 
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but they are negligible compared with the eddy 
current 32. 

When a slit 20 is provided to intercept the flow 
path for the eddy current as shown in Fig. 3, the 
heat generation can be reduced. When a pulse 
motor is driven at a high speed, the drive current is 
an alternating current of a high frequency. Since 
the eddy current loss is proportional to the square 
of the frequency, the prevention of the eddy cur- 
rent as described above is effective in prevention 
of the heat generation and improvement of the 
efficiency. 

Fig. 5 is a graph showing, in comparison, the 
total torque characteristics of the pulse motor ac- 
cording to the invention and of the prior art. In this 
graph, the hori^ontaJ axis represents the number of 
drive pulses for the pulse motor (the unit is the 
number of pulses per second), and the vertical axis 
represents the crive torque (the unit is g»cm). The 
solid line indicates the torque characteristics of the 
pulse motor according to tne invention, while the 
broken line indicates the torque characteristics of 
the pulse motor of the prior art as shown in Fig. 2. 

It will be clear from this graph that although 
there is no substantial difference in the low-speed 
region, in the high-speed region, in particular, a 
higher torque can be maintained if the slit is pro- 
video* than if no slit is provided. 

The present invention is not limited to the 
above embodiment. 

Fig. 6 is a top view showing a variation of the 
inner yoke used in the pulse motor according to 
the invention. This inner yoke 5 is provided with a 
numoer of through-holes 21 elongated in a radial 
direction. The elongated through-holes 21 also 
have the function of raising the electrical resistance 
and restraining the eddy current in the circumferen- 
tial direction. 

This embodiment has an advantage over the 
embodiment shown in Fig. 3 in that the mechanical 
strength along the circumferential direction is high- 
er. That is. the inner yoke 5 of the embodiment 
shown m Fig. 3 must have a sufficient rigidity: 
otherwise it may be deformed when a twisting 
force is applied to the inner yoke 5. Moreover, 
when a force to vary the width of the slit 20 is 
applied, the positions of the magnetic poles 5b and 
6b are changed, and the accuracy of the air gap 
between the magnetic poles 5b and 6b and the 
rotor 1 may be lowered. The embodiment shown in 
Fig. 6 is free from such problems. 

Fig. 7 is an exploded oblique view of a vari- 
ation of a pulse motor employing such an annular 
yoke. In this embodiment, only the inner yokes 5 
and 6. and the outer yokes 7 and 8 are provided 
with the through-holes 21 and the flange 9 and the 
mounting plate 11 are not provided with such 
through-hoies. This has an aim of the reinforce- 



ment and prevention of entry of dusts into the 
motor interior. 

Fig. 8 is a top view showing another variation 
of the inner yoke. In this inner yoke 5, a number of 

5 circular through-holes arranged in the same direc- 
tion are provided in place of the elongated through- 
holes shown in Fig. 6. The effect of increasing the 
electrical resistance against the eddy current trying 
to flow in the direction of the circumference can 

10 also be increased and the eddy current can be 
restrained. The yoke with a number of circular 
through-holes has a higher mechanicaJ strength 
than the yoke with elongated through-holes. 

In a modification, the slit 20 shown in Fig. 3 

75 may have its inner extremity or its outer extremity 
joined together. In another modification, an insula- 
tor or the like is inserted in the slit 20, and bonded 
with an adhesive to enhance the mechanical 
strength. 

20 According to the pulse motor of the present 

invention as described above, when an eddy cur- 
rent is induced in the yoke due to a magnetic flux 
generated by the drive coil, the eddy current can 
be effectively restrained, and the eddy current loss 

25 is lowered and the drive efficiency of the motor is 
improved. Moreover, the heat generation due to the 
eddy current can be prevented and a high-sped 
drive with a larger current can be achieved without 
increasing the outer dimension of the motor. 

30 

Claims 

1. A pulse motor comprising: 
35 a rotor; 

a drive coil excited by a predetermined drive cur- 
rent to drive the rotor; and 

a yoke for guiding a magnetic flux generated by 
the drive coil to a predetermined magnetic path; 
*o wherein the yoke is provided with a throughhole to 
restrict the flow path of an eddy current induced by 
the magnetic flux generated by said drive coil. 

2. A pulse motor according to claim 1 , wherein 
said through-hole intercepts the flow path for the 

45 eddy current. 

3. A pulse motor according to claim 1, wherein 
said through-hole comprises circular perforations 
arranged in rows in the direction crossing the flow 
path of said eddy current. 

so 4. A pulse motor according to claim 1, wherein 

said through-hole comprises an elongated hole ex- 
tending in the direction crossing the flow path of 
said eddy current. 

5, A pulse motor according to claim 1, wherein 

55 said through-hole is formed at an appropriate inter- 
val portion between adjacent magnetic poles to 
avoid interception of the magnetic path for the 
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magnetic flux passing through the magnetic poles 
necessary for the motor drive. 
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